The aim of the study was to determine the physical and chemical properties of the sewage sludge from "Pomorzany" and "Zdroje" municipal wastewater treatment plants located in Szczecin, Poland. The paper presents the outcomes of SEM observation of dried and stabilized sewage sludge. The research on the obtained materials was conducted using reference methods; the images from a scanning electron microscope were used. The amount of sewage sludge produced with the methods of its management was presented. The technology of sludge management is based on its dehydration up to dry weight content of roughly 20% and then drying in contact dryers up to 90-92% dry weight, separately in both plants. Dried sewage sludge is subsequently burned in mechanical grid boilers at "Pomorzany" WWTP. The analyzed materials were characterized by the pH of 7.90-8.42, dry mass and average organic matter content were 18.949% and 68.903%, respectively. The elements identified in the largest amount on the surface of analyzed materials included calcium, iron, phosphorus, sulphur and silicon. The amount of phosphorus ranging from 1.82 to 3.44% indicates the possibility of using sewage sludge as organic fertilizer product or an alternative source of phosphorus.
INTRODUCTION
Improving the municipal sewage sludge management is one of the most important environmental goals in the European Union. Since 1st January 2016, storing the municipal sewage sludge in municipal landfill is forbidden by the Polish law. It obliges searching for new solutions or improving the currently used methods of management. Most importantly, it encourages taking ecological, economical and technical aspects under consideration.
"The National Program of the Waste Management 2022" is an ongoing management plan, which constitutes the main practice followed by the members of the European Union. One of the points of the Program is focused on the increasing amount of wastage [including sewage sludges] subjected to thermal transformation. Thermal sewage sludge utilization is achieved through a variety of processes. Sewage sludge which stabilizes during aerobic or anaerobic stabilization processes is dehydrated to about 18-20% of a dry matter. Then the sludge is subjected to drying, where the dry mass reaches more than 90%.
Final sludge decomposition takes place via combustion in grate or fluidal furnance [Cornel 2011 The aim of the study was to characterize the physical and chemical properties of the municipal sewage sludge from "Pomorzany" and "Zdroje" wastewater treatment plant in Szczecin. The SEM observation of the samples of dried and dewatered sewage sludge was conducted. The possibility of employing methods for utilizing the sewage sludge was determined based on the results of this study.
MATERIALS AND METHODS
The analyzed materials were obtained from two municipal wastewater treatment plants in Szczecin (Poland). The material was collected in two repetitions in the first quarter of 2019. The studies included determination of dry matter content, pH, organic and mineral matter in stabilized, dewatered sewage sludge. The analysis of the physicochemical properties was performed using reference methods, in accordance with the ap- Scanning electron microscope Hitachi TM 3000 equipped with EDS unit was used in order to observe the elemental concentration spectrum and determine the elemental composition of the analyzed dried and dewatered sewage. The presented analysis results are the average of 2 replicates. The standard deviation and the coefficient of variation were calculated.
Sludge management in the "Pomorzany" and "Zdroje" wastewater treatment plants
The "Zdroje" wastewater treatment plant treats the wastewater in the right bank -one of four districts of the city. The wastewater from other districts is directed to the "Pomorzany" wastewater treatment plant. Municipal sewage and rainwater in right bank are mainly collected into separate sanitary sewer systems and storm drain. The wastewater flowing into the "Pomorzany" WWTP may include stormwater or an urban runoff.
The wastewater influent to the "Zdroje" WWTP is characterized by a large load of pollution. The average daily inflow of sewage is about 15 000 m 3 . The capacity of the "Pomorzany" plant is 66 000 m 3 /d. The designed PE was 177 000 and 417 000 PE, respectively.
The main wastes generated in wastewater treatment plants include screenings, sand (preliminary treatment), initial (primary) sludge and excess sludge. The waste from bar screens and grit chambers are subjected to rinsing to reduce the organic parts content. The content of water is reduced by compression or separation. The degritted primary and excess sludge are pumped to the plant sludge handling facilities for further processing: thickening, digesting and dewatering. Compaction of sludge is carried out in both plants alike. Receiving and transporting of thickened initial and excess sludge occurs periodically. The initial sludge is periodically received from primary settling tanks. Gravitationally concentrated up to about 5% of dry weight, the sludge from the bottom of gravity thickening tanks is received and transported to the mixed sludge tank.
The biological structure of excess sludge received from the second settling tank, means that most of the water contained in it is the water bound in the cells. It requires using polyelectrolytes for conducting the conditioning processes. The excessive sludge concentrated in mechanical compactors contains about 5-6% of dry weight.
After concentration, the mixed sludge is discharged to the digestion tanks, where it is mixed and heated up to 37-41°C. The biogas, produced during mesophilic fermentation is stored in the double-shell tanks. After desulfurization, the biogas is used as a fuel for the electrical and thermal energy production. Discharged sludge cake can reach the dry solids contents of 18-30%, depending on the dewatering technology and polyelectrolyte applied. Four conveyor presses and two centrifuges are used in "Pomorzany" and "Zdroje" wastewater treatment plants.
The technology of thermal disposal of sewage sludge was chosen by the Department of Water Supply and Sewage Ltd. in Szczecin. The sewage sludge dehydrated up to a dry weight content of roughly 20% dries in contact dryers up to 90-92% dry weight, separately in both plants. The dried material from "Zdroje" WWTP is transferred and burned in two mechanical grid boilers with power of 2460 kW, in "Pomorzany" WWTP.
The general flow diagram of sludge treatment is shown in Figure 1 .
RESULTS AND DISCUSSION
In 2018, 19528.27 Mg of sewage sludge was transferred for a desiccation in the "Pomorzany" WWTP, whereas in "Zdroje" it was 2853.23 Mg ( [Głowacka et al. 2017] .
The physical properties of the municipal sewage sludge are presented in Table 2 . The average dry mass of the sludge obtained from "Pomorzany" WWTP was in range of 18.570±0.423%. The dehydrated sludge from "Zdroje" WWTP has reached the content of dry mass from 18.518% to 20.286%. The organic matter content as well as pH of sewage sludge may vary considerably [Singh and Agrawal 2008] . The pH value was A microscopic evaluation was conducted with the use of electron microscope. The samples of dehydrated sewage sludge were previously dried on a moisture analyzer. Figure 2 and 3 show the structure of both sewage sludge samples after dehydration and desiccation. The structure of sewage sludges after thermal treatment was porous and irregular. According to Głowacka et al., the porous structure of slag results in low volumetric density and provides an advantage of convenient thermal insulation; however, it contributes to an increased water absorption and lower level of mechanical strength [Głowacka et al. 2017] . As in the reports of other researchers [Rio et al. 2005] , the structure of the dehydrated sludges is mainly macroporous. Singh and Agrawal [Singh and Agrawal 2008] , conducted studies which indicate that sludge improves the physical properties of the soil such as porosity, bulk density, water retention and aggregate stability.
Hitachi TM 3000 Scanning electron microscope equipped with EDS unit was used in order to determine the elemental composition of the analyzed slag -see Figure 4 .
The heavy metals occurring in sewage sludge include iron, zinc, copper, nickel, chromium, as well as the elements considered toxic such as lead, cadmium, mercury [Singh and Agrawal 2008] . Toxic elements are highly harmful to humans, animals, growth and development of plants Due to its strong, non-toxic reducing properties, iron is used for the reclamation of the environment, as well as the soil contaminated with trace metals. Iron effectively participates in the coprecipitating and sorption of inorganic pollutants [Ju et al. 2016 ]. In the Z2' sample, cadmium was determined at 0.29%. It is believed that major anthropogenic sources of Cd in soils are atmospheric deposition and P-fertilizers. However, the deposition rate of Cd in the industrialized countries should be further reduced due to the decreased production and strict environmental regulations. The EU regulations and national policies permit the use of compost materials for agricultural purposes when the Cd content in composts varies between 0.2 and 1. Calcium, iron, phosphorus, sulphur and silicon in varying proportions amounted to 85.9% of the total content of the observed micro and macro elements. Nearly a twice higher percentage of sulfur (1.94%) was observed in the municipal sludge from the "Zdroje" WWTP in comparison with the sludge from "Pomorzany" (1.00%). The sulfur present in the sewage sludge for thermal disposal, affects the occurrence of an unfavorable corrosion of structural elements of boilers. Additionally, it contributes to the formation of organic and inorganic contaminants [Skawińska and Kuklis 2014] . The materials from both treatment plants are characterized by a similar occurrence of phosphorus -2.88% and 2.32% on average, respectively. The phosphorus present in sewage sludge is a valuable element that can be recovered as well as used directly for fertilizing or reclamation purposes. However, due to heavy metal contamination, sewage sludge management is subject to strict regulations (e.g. Regulation The average content of magnesium did not vary considerably and amounted to 0.56%. The remaining elements observed on the surface of some of the materials studied included titanium (0.21% -P1' sample) and potassium (0.22% -P2" sample).
CONCLUSIONS
• The analyzed sewage sludges were characterized by slightly alkaline pH in the range of 7.90-8.42 and a high content of organic matter in the range of 68.50 to 69.43%.
• Iron, calcium and phosphorus were the most abundant elements observed on the surface of dried and dehydrated sewage sludge.
• The percentage of phosphorus observed on the surface of analyzed materials was from 1.82 to 3.44%; due to the presence of this element, the sewage sludge can be used as an organic fertilizer product or alternative source of phosphorus.
• The sewage sludge from the "Zdroje" WWTP contained higher concentrations of sulfur, whereas a greater amount of silicon was determined in the material from "Pomorzany" WWTP, • The structure of the dehydrated sludge was mainly macroporous, • Among potentially toxic heavy metals, cadmium was detected in the sample from Zdroje" WWTP. 
